Introduction

80
Many preschool children present to primary care with recurrent wheeze or cough.
81
These symptoms are a burden to families and lead to treatment with inhalers, 82 antibiotics or cough mixtures, hospitalizations and considerable health care costs. 1 families in primary care. 8, 11, 13, 14 Finally, the methods commonly used to develop the 100 prediction tools are prone to over-fitting the data. 9, 11, 13 Over-fitting leads to reduced 101 performance when tools are applied to other populations. 19, 20 102
In this study we aimed to develop a simple tool to predict asthma at school-age in over-fit the data and is therefore likely to be transferable to other populations.
112
Methods
113
Study population 114 We analyzed data from a population-based childhood cohort from Leicestershire,
115
UK, described in detail elsewhere. 21, 22, 23 In brief, we recruited a representative questionnaires (1998, 1999, 2001, 2003, 2006, 2010) . The study was approved by 122 the Leicestershire Health Authority Research Ethics Committee.
123
Presentation at baseline (inclusion criteria)
124
Our analysis included all cohort children aged 1-3 years at baseline with parent-
125
reported wheeze or chronic cough (cough without colds or cough at night) with one 126 or more visits to the doctor for wheeze or cough during the past 12 months (Fig 1,   127 highlighted in grey). The original questions are provided in the online repository. We 128 included chronic cough, because some children with chronic cough might suffer from a variant of asthma and be at risk for asthma later in life. 4 score and the probability of later asthma for each child.
163
Model performance 164 We assessed our prediction model in terms of overall performance, discrimination 
188
Sensitivity analyses
189
To test the robustness of the model developed in our original study population (P0),
190
we performed sensitivity analyses using modified inclusion criteria at baseline or populations (P1 to P4, described in more detail in Tables E3 and E4 of the online   193 repository).
194
We first applied our existing prediction model to these modified populations and or had reduced discriminative ability (Table E6 ), particularly the model with 260 frequency of wheeze only.
261
In internal validation, the prediction tool showed only a minor decrease in 
264
The maximum score a child can attain using the prediction tool is 15, corresponding 265 to a 95% probability of having any asthma 5 years later (Fig 3) . Sensitivity and Table E7 ). In our study 268 sample, 840 (69%) children were at low risk (score ≤5), 288 (23%) at medium risk
269
(score ≥6 and ≤9) and 98 (8%) at high risk (score ≥10) of any asthma 5 years later.
270
The percentage of children with any asthma at school age was 16%, 48% and 79%
271
in the low, medium and high risk groups respectively. for 0-4 year-olds with wheeze or cough to predict asthma at age 7-8.
The performance of these tools was comparable or slightly less than ours (Table III) 
501
* To have a prediction interval comparable to the one in our tool, we focused here on the API for prediction at 8 yrs 502 † Wheeze or cough with running, playing, laughing or crying 503 ‡ This variable is only part of the stringent API, but not of the loose API 504 § Reported for cut-off where sum of sensitivity and specificity pair was maximal. It is possible that a higher sum of sensitivity and specificity exists at a cut-off point that was not reported in the respective studies. average predicted probability for later asthma among children within each decile is 515 plotted against the actual observed frequency (prevalence) of asthma in that group.
516
The straight line represents perfect calibration. In Table E7 the performance of these tools are compared with the main model in 63 sample (sample used for model development) and by internal validation (see below).
64
In a final step, we recalibrated the probabilities for later asthma of the preferred tool
65
by re-running a logistic regression of the outcome on simplified scores.
67
Internal validation
68
To assess the reliability of our result of model performance within our study sample * Area under receiver operating characteristics curve †: Using simplified regression coefficients of the model (regression coefficients of main model multiplied by 10, by 5 or by 3, respectively, and rounded to the next integer) ‡ Shortness of breath due to wheeze, frequent wheeze episodes (>3), wheeze without colds, activity disturbance due to wheeze; exercise-related wheeze/cough § Shortness of breath due to wheeze, frequent wheeze episodes (>3), wheeze without colds " Before internal validation: assessment using same sample as used to develop the model ¶ After internal validation: assessment using leave-one-out crossvalidation ** A 4-level variable coded as 3 binary dummy variables; analysis using logistic regression without penalization † † Preferred model 
